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Abstract 

Background: To identify risk factors for being a "reduced responder" to ranibizumab treatment in a clinical setting 
in patients with neovascular age-related macular degeneration. 

Methods: This retrospective study included 165 eyes of 165 consecutive patients with choroidal neovascularisation 
secondary to neovascular, age-related macular degeneration. Eyes were treated with three intravitreal injections of 
ranibizumab, followed by PRN (pro re nata) dosing thereafter. All patients were reevaluated every four weeks and 
then followed for six months. Reduced responders were defined as patients with a loss in visual acuity of at least 1 
visual acuity line at the last follow-up and/or persistent intraretinal or subretinal fluid or detectable choroidal 
neovascularisation at the last follow-up, compared to baseline. 

Results: Overall, 58 out of 165 eyes (35.2%) were considered to be reduced responders to treatment at the end of 
follow-up. The initial CNV size at baseline was correlated with the risk of being a reduced responder at the end of 
follow-up (p = 0.017). 

Conclusion: We identified the initial lesion size as a predictor for a reduced response to treatment in this study. 
Patients with a large initial lesion size should be thoroughly informed about the possible poorer response to the 
intravitreal treatment. 
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Background 

Ranibizumab is a humanised antigen-binding fragment 
(Fab) that targets all isoforms of vascular endothelial 
growth factor A (VEGF-A) and is approved by the Food 
and Drug Administration for the treatment of patients 
with neovascular age-related macular degeneration 
(AMD), as well as diabetic macular oedema and macular 
oedema following retinal vein occlusion. Randomised 
phase-Ill clinical trials (Minimally Classic/Occult Trial 
of the Anti-VEGF Antibody Ranibizumab In the Treat- 
ment of Afeovascular ^ge-Related Macular Degeneration 
[Marina] and j4«ti-VEGF Antibody for the Treatment of 
Predominantly Classic Choroidal Neovascularisation in 
Age-Related Macular Degeneration [ANCHOR]) showed 
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a reduction in retinal thickness and maintained visual 
acuity gains with monthly intravitreal injections of 0.3 
and 0.5 mg of ranibizumab for treating minimally classic, 
occult and predominantly classic CNV secondary to AMD 
[1,2]. The "Prospective Optical Coherence Tomography 
(OCT) Imaging of Patients with A/eovascular Age-Related 
Macular Degeneration (AMD) Treated with intraOcular 
Ranibizumab [PrONTO]" trial explored an alternate dos- 
ing strategy of intravitreal ranibizumab for all types of sub- 
foveal CNV secondary to AMD. Patients underwent three 
consecutive monthly injections followed by PRN (pro re 
nata) dosing thereafter [3]. After twelve months, visual 
acuity improved 15 or more letters in 35% of patients [3]. 

However, publications about the limited response to 
anti-VEGF treatment are rare; the "reduced responder" 
poses challenges to clinicians, and there is no general 
consensus on how a reduced response is defined. There 
are very few current predictors of visual outcome. 
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In this retrospective study, the treatment of neovas- 
cular macular degeneration consisted of three consecutive 
injections of ranibizumab, followed by PRN dosing there- 
after in a clinical setting. In a clinical setting, we investi- 
gated the determinants of a reduced response to treatment, 
defined as patients who revealed a reduction in visual acu- 
ity of at least 1 visual acuity line and/or persistent or re- 
current retinal fluid or choroidal neovascularisation after 
six months of treatment, compared to baseline, after pri- 
mary intravitreal ranibizumab therapy for choroidal neo- 
vascular lesions secondary to AMD. 

Methods 

This retrospective data analysis was conducted at the 
Department of Ophthalmology, University Medical Centre 
of Johannes Gutenberg-University of Mainz, Germany. In 
total, 165 eyes of 165 consecutive patients with choroidal 
neovascularisation secondary to neovascular age-related 
macular degeneration who were treated within a nine- 
month time frame and completed the six-month follow- 
up were included in the study. Eyes were treated with 
three monthly injections of ranibizumab (Lucentis; 
Novartis, Nurnberg, Germany; 0.5 mg/0.05 ml) followed 
by PRN dosing. Retreatments occurred in case of progres- 
sion (vision loss of at least 1 visual acuity line, increase in 
macular oedema of >100 um, persistent leakage in fluores- 
cein angiography, clinically detectable new haemorrhages). 
All patients were reevaluated every four weeks and then 
followed for six months. Approval from the local ethics 
committee was sought and waived due to the study's 
retrospective nature. The study followed the tenets of the 
Declaration of Helsinki. 

All lesion types were included in the study. No patient 
had undergone prior treatment or received additional 
therapy for neovascular AMD during follow-up. 

Eyes received treatment after a complete ocular exam- 
ination, including a best corrected distance visual acuity 
test (Snellen chart, BCVA was converted into logarithm 
of the minimum angle of resolution (logMAR) for statis- 
tical analysis), slit lamp examination, Goldmann appla- 
nation tonometry, binocular ophthalmoscopy, fundus 
colour photography, optical coherence tomography (fast 
macular thickness acquisition protocol, Stratus OCT, 
Zeiss Jena GmbH, Jena, Germany), fluorescein angiog- 
raphy (FA, HRA II, Heidelberg Engineering, Heidelberg, 
Germany), and indocyanine green angiography (ICGA, 
HRA II, Heidelberg Engineering, Heidelberg, Germany). 
The size of the CNV in the angiograms (greatest linear 
dimension, GLD) was measured on the middle phase 
fluorescein angiogram to exclude leakage during any 
later phases. Whenever ICG was also performed, those 
images were used to identify feeder vessels and to detect 
choroidal neovascularisation. Patients were re-scheduled 
for follow-up visits every 4 weeks. BCVA, slit lamp and 



binocular examinations took place at monthly intervals, 
and OCT, FA and ICGA at least every three months. 

Before therapy, written informed consent was obtained 
from all patients after the potential risks and benefits 
of the intravitreal injections had been explained in 
detail. 

All patients underwent intravitreal injections of ranibi- 
zumab via pars plana under topical anaesthesia under 
strict aseptic conditions. 

Reduced responders were defined as follows: 

- loss in visual acuity >1 visual acuity line at the last 
follow-up compared to baseline and/or 

- persistent or recurrent intraretinal or subretinal fluid 
or detectable choroidal neovascularisation at the last 
follow-up. 

As we refer to a "reduced response" in our paper and 
not to "non-response", we applied the quite stringent cri- 
teria of any vision loss compared to baseline. 

Statistical analysis was performed using SPSS statistical 
software (version 18.0, SPSS Inc., Chicago, IL, USA). 

A logistic regression model was used to assess the in- 
fluence of different variables on response to ranibizumab 
therapy. Our primary question was whether the CNV's 
initial size would reveal an influence on the likelihood of 
a reduced response at the end of follow-up. Further- 
more, we assessed the influence of the presence of an 
initial pigment epithelial detachment, initial central ret- 
inal thickness, lesion type, patient age and time elapsed 
from first examination in the clinic until time of the first 
injection. 

The level of statistical significance was fixed at a = 0.05 
for the primary hypothesis. All other p-values were con- 
sidered to be explorative. 

Results 

A total of 165 eyes of 165 patients were enrolled in this 
study, of which 98 patients were female. Patient age 
ranged from 56 to 94 years (mean 78 years). All of the 
patients completed the six-month follow-up. No major 
ocular or systemic adverse events were observed in the 
follow-up period. 

The lesions were classified as occult with no classic 
CNV in 86 eyes (52.1%), minimally classic CNV in 18 eyes 
(10.9%), predominantly classic CNV in 38 eyes (23%) and 
RAP lesions in the remaining 23 eyes (13.9%); see Figure 1. 
At baseline, 20 eyes (12.1%) presented a pigment epithe- 
lium detachment. The lesion location was subfoveal in 
130 eyes (78.8%), parafoveal in 26 eyes (15.8%), and extra- 
foveal in 9 eyes (5.5%). 

During the six-month follow-up, the majority of eyes 
(135 eyes, 81.8%) received the three consecutive injec- 
tions in the first three months of treatment and needed 
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Figure 1 Proportion of reduced responders (black) and responders (white) in the various CNV types (occult, minimally classic, 
predominantly classic and RAP). The type of lesion was not related to the risk of a reduced response to treatment. 



no retreatment during follow-up, while 29 eyes (17.6%) 
received four injections and in one eye (0.6%), five injec- 
tions of ranibizumab. 

At baseline, the mean logMAR BCVA was 0.70 ± 0.30 
(mean ± SD); the mean visual acuity improved to 0.55 ± 
0.30 after the three consecutive injections and was 0.62 ± 
0.33 at the end of follow-up; see Figure 2. 

The initial foveal thickness was 339 ± 84 um (mean ± 
SD). After the three monthly consecutive injections of rani- 
bizumab, this value decreased to 234 ± 59 um and mea- 
sured 280 ± 89 um at the end of follow-up; see Figure 3. 

At baseline, the mean CNV size (GLD, greatest linear 
dimension) was 1736 ± 1093 um (mean ± SD) initially; 
338 ± 777 um, after the first three injections; and 750 ± 
885 um, at the end of follow-up; see Figure 4. 

One patient (0.6%) had lost three or more lines of vi- 
sion at the end of follow-up, while 29 patients (17.6%) 
had gained three or more lines at the end of follow-up 
compared to baseline. 

According to the criteria listed above, 58 out of 165 
eyes (35.2%) were considered to be reduced responders 
to the treatment at the end of follow-up, presenting ei- 
ther a reduction in visual acuity compared to baseline 
and/or persistent intraretinal or subretinal fluid or per- 
sistent or recurrent choroidal neovascularisation. 

We related the initial CNV size at baseline to the risk 
of being a reduced responder at the end of follow-up; 
see Figure 1. The OR (odds ratio) was 0.964 per 100 um 
increase of the initial CNV size (GLD) (95% CI, 0.936- 
0.993, p = 0.017); see Table 1. 



Table 1 shows that none of the initial presence of a pig- 
ment epithelium detachment (OR 1.728, 95% CI, 0.595- 
5.024, p = 0.315), the central retinal thickness at baseline 
(OR 0.998, 95% CI, 0.994-1.002, p = 0.362), the lesion type 
(OR 0.887, 0.966, 1.597 for minimally classic, predomin- 
antly classic, RAP vs. occult, p = 0.820, p = 0.932, p = 0.373, 
respectively), the patient age (OR 0.986, 95% CI, 0.943- 
1.030, p = 0.513), or the time between the first patient 
consultation and the first injection (OR 0.995, 95% CI, 
0.981-1.009, p = 0.425) were related to the likelihood of a 
reduced response to treatment. 

Discussion 

We related the responsiveness to intravitreal ranibizu- 
mab in our study to the initial lesion size at baseline. 
Lux et al. showed that the efficiency of intravitreal beva- 
cizumab in patients with neovascular AMD depended 
on the initial lesion size [4]. This outcome corresponds 
with the findings of the TAP and VIP trials, which also 
reported the initial lesion size as an important predictor 
of the magnitude of treatment benefit with verteporfin 
therapy in occult, with no classic or minimally classic 
lesion, compositions [5]. 

Before the use of ranibizumab, treatments, such as 
verteporfin photodynamic therapy (Visudyne, Novartis 
Pharmaceuticals, Nurnberg, Germany) and laser photo- 
coagulation merely slowed the progression of visual acuity 
loss. [6-8] 

Although intravitreal injections of ranibizumab have 
been shown to be effective in the treatment of neovascular 
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Figure 2 Change in mean visual acuity (LogMar) of reduced responders (black) and responders (white) at baseline (month 0) to the 
end of follow-up (month 6). 
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Figure 3 Change in mean retinal thickness (urn) of reduced responders (black) and responders (white) at baseline (month 0) and after 
the first three consecutive injections (month 4) to the end of follow-up (month 6). 
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Figure 4 Change in the mean CNV size (urn) of reduced responders (black) and responders (white) at baseline (month 0) and after the 
first three consecutive injections (month 4), until the end of follow-up (month 6). 



AMD, not all patients demonstrated improvements in vis- 
ual acuity, and some had lost >3 lines of VA by the end of 
the MARINA and ANCHOR trials [1,2]. 

In this study performed in a clinical setting, 35% of the 
patients were considered to be reduced responders to 
treatment at the end of follow-up, having either reduced 
visual acuity compared to baseline and/or persistent 
intraretinal or subretinal fluid or persistent or recurrent 
choroidal neovascularisation. 

Table 1 Univariable logistic regression models were used 
to assess the influence of different variables (initial CNV 
size (GLD), initial PED, initial central retinal thickness, 
initial type of lesion, age of patient, time between first 
consultation to first injection) on response to 
ranibizumab therapy 

OR SD (95% CI) p 



initial CNV size (GLD) 


0.964 


0.936-0.993 


0.017 


initial PED 


1.728 


0.595-5.024 


0.315 


initial central retinal thickness 


0.998 


0.994-1.002 


0.362 


initial type of lesion 








minimally classic vs. occult 


0.886 


0.312-2.518 


0.820 


predominantly classic vs. occult 


0.966 


0.437-2.135 


0.932 


RAP vs. occult 


1.597 


0.570-4.471 


0.373 


age of patient (years) 


0.986 


0.943-1.030 


0.528 


time between first consultation 


0.995 


0.981-1.009 


0.452 


to first injection (days) 









Shown are odds ratios (OR), standard deviations (SD) and p-values. 



In a cohort receiving as-needed injections of ranibizu- 
mab for exudative AMD, visual improvement was related 
to the frequency of injections received but not to the 
resolution of fluid by OCT [9]. Ahlers and co-workers 
identified subretinal fluid as the most relevant factor for 
visual function [10]. 

Brown et al. stated that if a monthly reinjection proto- 
col is not used and patients are treated on an as-needed 
basis, a combination of clinical examination and qualita- 
tive OCT measurements should be used to guide the anti- 
VEGF treatment to maximise vision gain [11]. The im- 
portance of closely monitoring patients is confirmed by 
our study, as 35% of the patients presented a reduction 
in visual acuity compared to baseline and/or persistent 
intraretinal or subretinal fluid or persistent or recurrent 
choroidal neovascularisation at the end of follow-up. 

Menghini et al. retrospectively evaluated predictive 
factors for being a "good" or "bad" responder to ranibi- 
zumab treatment [12]. They found that only the course 
of visual acuity in the first three months seems to be of 
value for estimating the treatment response; however, 
they identified no predictor for response to treatment, 
e.g. lesion size [12]. 

Rosenfeld and co-workers investigated the cause of 
visual acuity (VA) loss in patients with neovascular age- 
related macular degeneration (AMD) receiving monthly 
ranibizumab injections in pivotal ranibizumab phase-Ill 
trials. At month 24, 9% of the ranibizumab-treated patients 
from MARINA and 10% of the ranibizumab-treated 
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patients from ANCHOR had lost >/=15 letters VA. 
Baseline characteristics associated with VA loss at month 
24 included older age, better VA, and larger lesions [13]. 

Surprisingly, unlike other authors, we did not find a 
correlation between age and a reduced response to treat- 
ment [13,14]. However, other investigators have also not 
found a correlation between age and response to treat- 
ment [15]. Our findings should be verified in a larger 
population with a longer follow-up. 

Defining the proportion of reduced responders in the 
MARINA and ANCHOR trials is not entirely possible, 
as both report the proportion of patients improving by 
more than 15 letters, and the primary end point was the 
proportion of patients losing fewer than 15 letters [1,2]. 
The proportions of patients improving by more than 15 
letters were 33.8% for the 0.5 mg group in the MARINA 
study and 40.3% for the 0.5 mg group in the ANCHOR 
study [1,2]. In our study, only one patient (0.6%) lost three 
or more lines of vision at the end of follow-up; con- 
versely, 99.4% of patients lost fewer than three lines. In 
the MARINA and ANCHOR trials, this proportion was 
94.6% in the 0.5 mg group in the MARINA and 96.4% 
in the 0.5 mg group in the ANCHOR study [1,2]. In 
our study, we observed only 17.6% of patients with 
improvement by more than 3 lines, but one must con- 
sider that we included all CNV types, including those 
with RAP lesions and the 12.1% of patients with a 
pigment epithelium detachment at baseline. Thus, the 
results are difficult to compare. Reche-Frutos et al. stated 
that RAP II lesions with PED and RAP III have an 
poorer anatomic and visual evolution than patients 
with stage II without PED after ranibizumab therapy [16]. 
Another difference is that we had a follow-up of six 
months, whereas the MARINA and ANCHOR studies 
had 12 months of follow-up. 

Muether and co-workers found a correlation between 
the time elapsed between treatment indication and first 
injection and the visual acuity deterioration [17]. Other 
authors reported a correlation between visual acuity de- 
terioration in 28.4% of patients and a median treatment 
delay of 28 days [18]. In our study, the time elapsed be- 
tween the diagnosis and the first ranibizumab treatment 
was not a predictor of a reduced response to treatment, 
according to the criteria listed above. In Germany, pay- 
ment for the initial ranibizumab treatment and PRN 
treatment must be pre-approved by the patient's public 
health insurance company. In Germany, the predomin- 
antly visual acuity-driven ranibizumab retreatment regi- 
men is based on the EMA (European Medicines Agency) 
drug information, which recommends retreatment after 
recurrent vision loss of 5 EDTRS letters. Second, lesion 
activity (persistent or recurrent subretinal fluid, in- 
crease of pigment epithelium detachment, new haem- 
orrhage, recurrent thickening of the retina >100 urn) 



was recommended as an important criterion for retreat- 
ment by the German Ophthalmological Society (DOG), the 
Professional Association of German Ophthalmologists 
(BVA) and the Retinological Society (RG). 

Because we defined reduced responders as patients 
with either decreasing visual acuity at the end of follow- 
up or a reduced anatomical response to treatment, those 
patients who experienced a delay in the onset of therapy 
may have already had further alterations in the retinal 
pigment epithelium or fibrosis. However, in our study, 
visual acuity at baseline was no predictor of a reduced 
response to treatment. 

Our study is limited by its retrospective nature, and a 
further weakness is the limited follow-up of six months. 
In Germany, reimbursement for the OCT is not covered 
by public health insurance. Therefore, as the patient has 
to pay for the OCT, it was not performed every four 
weeks. Moreover, the present study did not differentiate 
the extent of fibrosis as a predictor for reduced response 
to treatment. The presence of active choroidal neovascu- 
larisation was an inclusion criterion for enrolment in the 
study; thus, further studies investigating the presence 
and extent of fibrosis in the analysis of predictors are 
needed. Another limitation of our present study is its 
short follow-up, as large lesions in this short time period 
might not have been sufficiently treated. Furthermore, 
large initial lesion sizes might simply reflect a more severe 
nature of the disease than smaller lesion sizes, rather than 
a reduced response to treatment. Further studies with a 
longer follow-up will be necessary to verify whether lesion 
size is truly a predictor of reduced response. 

The "reduced responder" poses challenges to clinicians, 
and there is no general consensus on how "reduced re- 
sponders" are defined. The existing studies are very het- 
erogeneous, and comparisons with published studies are 
difficult. The definition of a "reduced responder" in our 
study was chosen as stated above in order to include 
patients with decreasing visual acuity at the end of follow- 
up, as well as those showing a reduced anatomical re- 
sponse to treatment. 

Conclusions 

In this study performed in a clinical setting, we have iden- 
tified initial lesion size as a predictor for a poor treatment 
response. It remains difficult to predict patient response 
prior to treatment. Intravitreal anti-VEGF treatment for 
large lesions is absolutely essential, as untreated, these le- 
sions have the potential to cause severe vision loss and fi- 
brosis. However, patients with a large initial lesion size 
should be thoroughly informed about the potentially 
poorer response to the intravitreal treatment. 

Competing interests 

The authors declare that they have no competing interests. 



Korb ef al. BMC Ophthalmology 2013, 13:84 
http://www.biomedcentral.com/1471-2415/13/84 



Page 7 of 7 



Authors' contributions 

All of the authors contributed substantially to this study, the analysis and 
interpretation of the clinical data, participated in development and writing of 
the manuscript, and approved the final draft for publication. 

Funding 

This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors. 

Author details 

'Department of Ophthalmology, University Medical Centre, Johannes 
Gutenberg-University, Langenbeckstr.l, Mainz 55131, Germany, institute of 
Medical Biostati sties, Epidemiology and Informatics (IMBEI), Johannes 
Gutenberg-University, Mainz, Germany. 

Received: 29 March 2013 Accepted: 17 December 2013 
Published: 20 December 2013 



growth factor in age-related macular degeneration. Br J Ophthalmol 2013, 
97:1443-1446. 

16. Reche-Frutos J, Calvo-Gonzalez C, Perez-Trigo S, Fernandez-Perez C, 
Donate-Lopez J, Garcia-Feijoo J: Ranibizumab in retinal angiomatous 
proliferation (RAP): influence of RAP stage on visual outcome. Eur J 
Ophthalmol 2011, 21 (6):783-788. 

17. Muether PS, Hermann MM, Koch K, Fauser S: Delay between medical 
indication to anti-VEGF treatment in age-related macular degeneration 
can result in a loss of visual acuity. Graefes Arch Clin Exp Ophthalmol 201 1 , 
249(5):633-637. 

18. Arias L, Armada F, Donate J, ef al Delay in treating age-related macular 
degeneration in Spain is associated with progressive vision loss. 

Eye (Lond) 2009, 23:326-333. 



doi:1 0.1 1 86/1 471-241 5-1 3-84 

Cite this article as: Korb et al: Risk factors of a reduced response to 
ranibizumab treatment for neovascular age-related macular degeneration - 
evaluation in a clinical setting. BMC Ophthalmology 2013 13:84. 



References 

1 . Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for neovascular 
age-related macular degeneration. N Engl J Med 2006, 355:1419-1431. 

2. Brown DM, Kaiser PK, Michels M, ef al: Ranibizumab versus verteporfin for 
neovascular age-related macular degeneration. N Engl J Med 2006, 
355:1432-1444. 

3. Fung AE, Lalwani GA, Rosenfeld PJ, ef at An optical coherence tomography- 
guided, variable dosing regimen with intravitreal ranibizumab (Lucentis) 
for neovascular age-related macular degeneration. Am J Ophthalmol 2007, 
143:566-583. 

4. Lux A, Llacer H, Heussen FM, Joussen AM: Non-responders to bevacizumab 
(Avastin) therapy of choroidal neovascular lesions. Br J Ophthalmol 2007, 
91:1318-1322. 

5. Blinder KJ, Bradley S, Bressler NM, et al: Effect of lesion size, visual acuity, 
and lesion composition on visual acuity change with and without 
verteporfin therapy for choroidal neovascularization secondary to 
age-related macular degeneration: TAP and VIP report no. I.Am J 
Ophthalmol 2003, 136:407-418. 

6. Bressler NM: Photodynamic therapy of subfoveal choroidal 
neovascularization in age-related macular degeneration with verteporfin: 
two-year results of 2 randomized clinical trials-tap report 2. Arch 
Ophthalmol 2001, 119:198-207. 

7. Verteporfin in Photodynamic Therapy Study Group: Verteporfin therapy of 
subfoveal choroidal neovascularization in age-related macular degeneration: 
two-year results of a randomized clinical trial including lesions with occult 
with no classic choroidal neovascularization-verteporfin in photodynamic 
therapy report 2. Am J Ophthalmol 2001, 131:541 -560. 

8. Macular Photocoagulation Study Group: Laser photocoagulation of 
subfoveal neovascular lesions in age-related macular degeneration: 
results of a randomized clinical trial. Arch Ophthalmol 1991. 109:1220-1231. 

9. Dadgostar H, Ventura AA, Chung JY, Sharma S, Kaiser PK: Evaluation of 
injection frequency and visual acuity outcomes for ranibizumab 
monotherapy in exudative age-related macular degeneration. 
Ophthalmology 2009. 1 1 6: 1 740- 1 747. 

10. Ahlers C, Golbaz I, Stock G, ef al: Time course of morphologic effects on 
different retinal compartments after ranibizumab therapy in age-related 
macular degeneration. Ophthalmology 2008, 1 15:e39-e46. 

1 1. Brown DM, Regillo CD: Anti-VEGF agents in the treatment of neovascular 
age-related macular degeneration: applying clinical trial results to the 
treatment of everyday patients. Am J Ophthalmol 2007, 144:627-637. 

1 2. Menghini M, Kurz-Levin MM, Amstutz C, ef al: Response to ranibizumab 
therapy in neovascular AMD - an evaluation of good and bad responders. 
Klin Monbl Augenheilkd 2010, 227:244-248. 

1 3. Rosenfeld PJ, Shapiro H, Tuomi L, Webster M, Elledge J, Blodi B: 
Characteristics of patients losing vision after 2 years of monthly dosing 
in the phase III ranibizumab clinical trials. Ophthalmology 2011 , 

1 18:523-530. 

14. Yamashiro K, Tomita K, Tsujikawa A, ef al: Factors associated with the 
response of age-related macular degeneration to intravitreal ranibizumab 
treatment. Am J Ophthalmol 201 2. 1 54:1 25-1 36. 

15. Krebs I, Glittenberg C, Ansari Shahrezaei S, Hagen S, Steiner I, Binder S: 
Non-responders to treatment with antagonists of vascular endothelial 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



(3 BioMed Central 



V 



